Background The clinical features of pneumocystis pneumonia (PCP) 
Introduction

Pneumocystis pneumonia (PCP) remains one of the most frequent and serious opportunistic infections in immunocompromised patients, including those infected with the human immunodeficiency virus (HIV) (1). PCP can also occur in patients with malignant disease, especially when they have been under treatment with anti-neoplasmic agents, corticosteroid and other immunosuppressive agents.
The clinical characteristics of PCP are known to vary according to the underlying disorders responsible for immunosuppression (2) . In particular, the differences in the clinical course of PCP between HIV-infected and HIV-negative patients have been described (2) (3) (4) . At presentation, the latter reveal a shorter duration of symptoms and more severe oxygenation impairment compared with the former (2) (RA) and in those with acquired immunodeficiency syndrome (AIDS) (8) . We found that, in patients with RA, PCP occurred without severe immunosuppression and showed more intense inflammation than in AIDS patients (8) . In radiological analysis using HRCT, patients with RA did not reveal a single predominant pattern, whereas AIDS patients with PCP predominantly showed diffuse GGO without interlobular septal boundaries (8) .
. The prognosis of PCP also differs between HIV-negative patients, only 40-70% of whom survive, and HIV-infected patients, who have survival rates as high as 90% (2). Among HIV-negative patients, the prognosis of those with cancer was reported to be the worst (3, 4). It was previously reported that PCP in HIV-infected patients is characterized by greater numbers of organisms and fewer inflammatory cells in the bronchoalveolar lavage fluid samples than in other immunocompromised patients (5). It was hypothesized that, in HIV-negative patients, even fewer organisms were able to induce severe lung inflammation, leading to respiratory impairment, and high rates of complications and death, although other factors may account for the difference (5). The radiographic features of pneumocystis pneumonia are typically bilateral perihilar interstitial infiltrates that become increasingly diffuse and homogeneous as the disease progresses (6). High-resolution computed tomography (HRCT), which is more sensitive than chest radiography, usually reveals extensive ground-glass opacity (GGO) and sometimes cystic lesions (7). Few studies have investigated whether or not HRCT findings differ between HIV-infected and HIVnegative patients. We previously conducted a retrospective multicenter study and compared the clinical and radiological features of PCP in patients with rheumatoid arthritis
The (10) . Fig. 2A,  Fig. 2B ), and c) consolidation with GGO (pattern C) (Fig. 3) 
The CT images of the chest were independently reviewed by two experienced radiologists (F.S, T.J.). When there were conflicting interpretations, the case was discussed and a final consensus was reached. The CT appearances were categorized into three patterns: a) diffuse GGO distributed in a panlobular manner, that is, GGO was sharply demarcated from the adjacent normal lung by interlobular septa (pattern A) (Fig. 1), b) diffuse GGO with inhomogeneous distribution unrelated to secondary lobules (pattern B) (
Statistical methods
Data are presented as median scores with the interquartile range in parentheses. Differences in variables between the patients with malignancy and those with AIDS were compared by the non-parametric Mann-Whitney's U-test. The relationships between variables were analyzed by the Spearman rank-order correlation test. Statistical significance was defined as p<0.05.
Results
Patient characteristics
The background characteristics and clinical presentation of the patients evaluated are shown in Table 1 
Clinical presentation
The predominant symptoms were dyspnea and fever regardless of the patient background. These symptoms preceded the diagnosis of the PCP by 4 days in the malignancy group, and by 14 days in the AIDS group. It was observed that PCP progressed more rapidly in the patients with malignancies (p<0.01).
Serum markers
We compared the levels of serum markers between the patients with malignancies and those with AIDS (Table 1) .
In the latter, the serum albumin level was significantly lower than in those with malignancies (p<0.001). Humoral immunity was evaluated in terms of the serum IgG level. The patients with malignancies showed significantly lower levels of IgG than those with AIDS (p<0.001). Serum levels of KL-6, LDH, CRP, and (β-D-glucan were elevated in most patients
F i g u r e 2 . ( A) HRCT a p p e a r a n c e i n a 7 6 -y e a r -o l d ma n wi t h e s o p h a g e a l c a n c e r , r e v e a l i n g d i f f u s e g r o u n d -g l a s s o p a c i t y ( GGO) wi t h i n h o mo g e n e o u s d i s t r i b u t i o n u n r e l a t e d t o s e c o n d a r y l o b u l e s . ( B ) GGO s e e n i n a 3 0 -y e a r -o l d ma l e p a t i e n t wi t h AI DS . HRCT s h o ws d i f f u s e GGO wi t h i n h o mo g e n eo u s d i s t r i b u t i o n u n r e l a t e d t o s e c o n d a r y l o b u l e s a n d wi t h s p a r e d p e r i p h e r a l l u n g p a r e n c h y ma .
B A
F i g u r e 3 . HRCT i ma g e s o f a 6 0 -y e a r -o l d wo ma n wi t h n o nHo d g k i n l y mp h o ma , s h o wi n g c o n s o l i d a t i o n a l o n g t h e b r o nc h o v a s c u l a r b u n d l e , s t r u c t u r a l d i s t o r t i o n , a n d t h i c k e n i n g o f t h e i n t e r l o b u l a r s e p t a l l i n e s .
with PCP, but not significantly different between the patients with malignancy and those with AIDS.
Blood counts
The peripheral WBC and lymphocyte counts are shown in (8) . In the patients with malignancy, patterns B ( Fig. 2A) and C (Fig. 3) were observed in 10 patients each. On the other hand, all of the AIDS patients showed pattern B (Fig. 2B) . In some of the patients with malignancy, sequential CT assessment was conducted, which revealed consolidation that rapidly emerged over GGO (Fig. 4A, Fig. 4B ).
The extent of GGO on CT images was scored to the nearest 10% in six zones in the lungs and summed up. As shown in Fig. 5 The characteristics of CT appearance are summarized in Table 2 . Consolidation along the bronchovascular bundle (Fig. 3) was observed more frequently in the patients with malignancy than in those with AIDS (p<0.02). Transverse parenchymatous bands, which are distributed 2-3 cm from the chest wall and cross the bronchovascular bundle (Fig. 6) , the centrilobular nodules (Fig. 7) , and thickened interlobular septal lines (Fig. 3) were also observed more often in patients with malignancy than in those with AIDS. By contrast, the peripheral sparing of GGO occurred less often in patients with malignancy than in those with AIDS (Fig. 2B) . Cyst formation occurred with similar frequencies in both pa- T a b l e 2 . Oc c u r r e n c e o f I ma g e P a t t e r n s a n d Ch a r a c t e r i s t i c F i n d i n g s o has a poor outcome (3, 4, 12, 13 (8, 16) . To the best of our knowledge, this is the first report that describes the difference in imaging features of PCP between patients with malignancy and those with AIDS.
T a b l e 1 . P a t i e n t Ch a r a c t e r i s t i c s a n d Cl i n i c a l P r e s e n t a t i o n
Correlation between CT findings and other parameters
The correlation between the extent of GGO or consolidation and other clinical parameters, including serum markers and the oxygenation index, was evaluated. No significant correlation was observed between the CT findings and other clinical parameters (data not shown).
Treatment and patient outcome
After the diagnosis of PCP was made, all patients were treated with trimethoprim-sulfamethoxazole (TMP-SMX
Discussion
The clinical features of PCP are known to differ according to the predisposing factors responsible for immunosuppression (1, 3). For example, PCP in patients with AIDS is characterized by greater numbers of organisms but good prognosis (3). In contrast, PCP in patients with malignancy
In about one half of the patients with malignancy, we observed consolidation on CT, which could be rapidly developed over a few days as shown in Fig. 4A and Fig. 4B . Limper In this study, cystic lesions were observed in similar percentages for both patient groups, whereas it has been described that cyst formation is a characteristic CT finding of PCP in AIDS patients (18) . In addition, the percentage of 
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F i g u r e 5 . E x t e n t o f GGO o n HRCT i ma g e s . T h e e x t e n t o f GGO wa s s c o r e d t o t h e n e a r e s t 1 0 % i n s i x z o n e s i n t h e l u n g s a n d s u mme d u p . T h e b o x -wh i s k e r p l o t s s h o w t h e 2 5 t h a n d 7 5 t h p e r c e n t i l e s , t h e me d i a n ( h o r i z o n t a l l i n e wi t h i n t h e b o x )
, a n d t h e 1 0 t h a n d 9 0 t h p e r c e n t i l e s ( wh i s k e r s ) . T h e e x t e n t o f GGO wa s s i g n i f i c a n t l y g r e a t e r i n t h e p a t i e n t s wi t h AI DS t h a n i n t h o s e wi t h ma l i g n a n c y ( p < 0 . 0 5 ) . (18, 19 HRCT a p p e a r a n c e i n a 5 8 -y e a r -o l d ma n wi t h  n o n -Ho d g k i n l y mp h o ma . I n a d d i t i o n t o GGO, t r a n s v e r s e p ar e n c h y ma t o u s b a n d s , wh i c h c r o s s t h e b r o n c h o v a s c u l a r b u nd l e , c a n b e s e e n 2 -3 c m f r o m t h e c h e s t wa l l . g u r e 7 . HRCT a p p e a r a n c e i n a 4 2 -y e a r -o l d f e ma l e p at i e n t wi t h a c u t e l y mp h o b l a s t i c l e u k e mi a , s h o wi n g d i f f u s e  GGO wi t h i n h o mo g e n e o u s d i s t r i b u t i o n u n r e l a t e d t o s e c o nd a r y l o b u l e s a n d c e n t r i l o b u l a r n o d u l 
the AIDS patients with cyst formation was lower than in previous reports
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